ABSTRACT
INTRODUCTION
Over the last two decades, there have been many major developments in prenatal screening for trisomy 21. Although for years, maternal age was used as the sole screening test for trisomy 21, it is now clear that such an approach is ineffective when compared with many other tests that are available nowadays. Of all the one-stage screening tests, first-trimester combined nuchal translucency thickness (NT) and biochemical screening using free beta-human chorionic gonadotropin (β-hCG) and pregnancy-associated plasma protein-A (PAPP-A) at 11-14 weeks of gestation appears to be the most effective. It has the highest sensitivity at the same false-positive rate 1 , and the sensitivity is comparable to that of two-stage integrated screening 2, 3 . Previous studies have shown that the majority of pregnant women prefer first-trimester to later screening 4, 5 . This preference is undoubtedly related to the perceived physical, psychological and social benefits of early screening, diagnosis and intervention.
However, most studies on first-trimester screening have been performed in populations of predominantly Caucasian women, despite the fact that it is well known that there are major biological differences between ethnic groups which could significantly affect the performance of a screening test. For example, previous studies have shown that, when compared with Caucasians, Chinese women have significantly higher median values for the first-trimester biochemical markers 6, 7 . The aim of this study was to report our initial experience of 2990 cases of combined first-trimester screening tests in a predominantly Chinese population.
METHODS
This was a prospective interventional study of women attending the first-trimester combined screening program for Down syndrome in a university hospital between June 2003 and November 2004. The Fetal Medicine Foundation (FMF)'s, screening program protocols, including case selection, measurement of NT and biochemical analysis, were followed strictly (www.fetalmedicine.com). Briefly, the test was performed only in singleton or twin pregnancies between 11 + 0 and 13 + 6 weeks' gestation (77-97 gestational days). Fetal crown-rump length (CRL) and NT were measured sonographically (HDI 5000 or HDI 3000 ultrasound machines, Philips Medical System, Amsterdam, The Netherlands) by FMF-accredited doctors.
Maternal blood samples were taken at the same visit, and the levels of free β-hCG and PAPP-A were measured immediately at the clinic using a Kryptor analyser (Brahms Diagnostica GmbH, Berlin, Germany). The laboratory is accredited by The FMF, and has also joined the quality-control program of the United Kingdom National External Quality Assessment Service (UKNEQAS) with consistently good results. Maternal ethnicity, age, weight, height and smoking status were also recorded at the time of screening.
The risk of trisomy 21 was calculated using The FMF's algorithm and software. In cases of twin pregnancy, a risk was calculated for each fetus based on the individual NT and the maternal serum biochemistry corrected for twin pregnancies. For monoamniotic twin pairs, the highest calculated risk among the co-twins was used.
A risk of 1 : 300 or greater was regarded as screenpositive and an invasive diagnostic procedure such as chorioinic villus sampling was offered. All fetal outcomes were followed up for any false-negative cases and complications.
Previous studies have shown that there are ethnic differences in maternal serum levels of both PAPP-A and free β-hCG 6,7 , which was not taken into account in the version of The FMF's software used during the study period. Therefore, the risk values were recalculated retrospectively after adjustment with Chinese-specific multiples of the median (MoM) for both hormones, using our previously published formula 6 . The results were then compared with those produced by The FMF's software. The Statistical Package for Social Sciences for Windows, version 13.0 (SPSS Inc, Chicago, IL, USA), was used for statistical analysis of all data. A P-value of < 0.05 was considered statistically significant.
RESULTS
During the study period, 2990 women underwent the screening program. The ethnic origin of the participants was predominantly Chinese (n = 2953 (99%)); there were 14 Caucasian women and 23 were from other Asian countries. Fifty-seven women had a twin pregnancy and hence there were 3047 fetuses in total. The median maternal age was 33 years and 31% of the women were ≥ 35 years. The median gestational age at firsttrimester screening was 12 + 4 (range, 11 + 0 to 13 + 6) weeks.
The outcome of all cases is summarized in Figure 1 . There were 185 (6.1%) screen-positive cases, including seven of the 114 twin fetuses (in 5/57 twin pregnancies), and 180 screen-positive cases were Chinese. All except three (98.4%) underwent an invasive diagnostic procedure. Fourteen cases of trisomy 21 were identified, including one from a dizygotic twin pregnancy. The calculated risk for these 14 cases using The FMF's software ranged from 1 : 3 to 1 : 181. In addition, there were 17 other chromosomal abnormalities detected (trisomy 18, n = 8; trisomy 13, n = 3; Turner syndrome, n = 3; 47,XXX, n = 1; two cases of other major abnormalities: 46XY,12p+ and 46XY,der(6)t(6;7)(q26;q31.2)). All of these were Chinese pregnancies. The overall positive predictive value for chromosomal abnormalities was therefore 16.7%. Three (9.7%) of these abnormal cases (Turner syndrome, trisomy 18 and 47,XXX) underwent spontaneous miscarriage: the case of Turner syndrome had an NT of 3.6 cm and reversed flow in the ductus venosus; the case of trisomy 18 had a huge NT of 8 cm and a very low PAPP-A level of 0.09 MoM; the case of 47,XXX also had a low PAPP-A level of 0.2 MoM. 
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The rest of the cases with chromosomal abnormalities underwent termination of pregnancy (TOP).
Of the three screen-positive cases which did not undergo an invasive procedure, two miscarried before the scheduled procedure. The karyotype was confirmed as normal by placental biopsy in one of these two, but remained unknown in the other. In the third case an invasive test was declined but there was pre-eclampsia complicated with intrauterine death (IUD) at 28 weeks. No structural abnormality was found at autopsy and the karyotype remained unknown.
Among the 152 fetuses that were screen-positive and had a normal karyotype, there were eight cases of structural abnormalities. Four of these were liveborn, while the other four were terminated. There were two cases of spontaneous miscarriage (1.3%, including the one that had a placental biopsy, discussed above). The remaining 142 cases had a normal outcome.
Concerning the 2862 screen-negative cases, fetal outcome was available in all except 18 cases (0.6%). There were 51 cases of structural malformation that were unrelated to chromosomal abnormalities; 40 were liveborn and the other 11 pregnancies underwent TOP. There were 21 cases of spontaneous miscarriage and seven cases of IUD. No known features of chromosomal abnormalities were identified among these cases. No case of trisomy 21 was liveborn. Therefore, the sensitivity for detecting trisomy 21 of this screening was 100% (95% CI, 78-100%).
The medians of the gestation-specific MoMs of free β-hCG and PAPP-A levels among Chinese cases calculated using The FMF's algorithm were significantly higher than were those calculated using the Chinese-specific formula 6 (free β-hCG: 1.14 vs. 1.02, P < 0.001; PAPP-A: 1.22 vs. 1.03, P < 0.001; Wilcoxon's test). The risk value of fetal trisomy 21 was therefore recalculated using our previously reported Chinese-specific MoMs for the hormones 6 . The overall screen-positive rate then became 6.0% (181 cases at a cut-off risk of 1 : 300 or above), which was very similar to the pre-adjustment rate; 12 cases which were regarded as screen-negative became positive, while 11 cases changed from positive to negative. When compared with the risk based on The FMF medians, this new risk was increased by more than 5% in 457 cases, reduced by more than 5% in 308 cases, and the change was 5% or less in the remaining 2282 cases. All 14 cases of trisomy 21 remained in the screen-positive group with the readjusted risk ranging from 1 : 2 to 1 : 210.
DISCUSSION
This study has confirmed that the first-trimester combined screening model developed by The FMF is an effective test in a Chinese population, with 100% (95% CI, 78-100%) sensitivity in detecting fetal Down syndrome at a falsepositive rate of 6.1%. The results are comparable to reported figures from the Caucasian population, with sensitivities of 84% in Germany 8 , 85% in the USA 1 , 90% in Australia 9 and 93% in the UK 10 .
One of the strengths of this study was the follow-up rate, which was very high compared with other similar studies 1,8 -10 . It was possible that some trisomy 21 pregnancies might have ended in spontaneous miscarriage or intrauterine fetal demise without karyotypic confirmation. However, the expected number of fetuses with trisomy 21, calculated using The FMF's algorithm based on the patient characteristics, including maternal and gestational ages, was 13, a value very similar to the actual number of cases detected (n = 14). We therefore believe that the high sensitivity of the test in the cohort was not due to under-diagnosis of affected cases. While we cannot claim a sensitivity of 100% because of the limited sample size, we are quite confident that the sensitivity of this test among the Chinese population is comparable to that in previous studies, about 90% 1,8 -10 .
Most Down syndrome screening programs are based on adjustment of the a priori risk. It has been speculated that the Chinese or Asian population has a lower incidence of trisomy 21 11 -13 , and therefore that the use of a priori risk based on Caucasian data might be inappropriate. However, we have shown previously that the incidence of trisomy 21 in our Chinese population, where a clinical diagnosis could be made consistently at birth, was not different from that of a Caucasian population 14 . Previous reports of a significantly lower incidence of trisomy 21 among the Chinese are most likely a result of poor case ascertainment. Our results provide further support that the incidence of trisomy 21 in the Chinese population is not lower than that in the Caucasian population and that the application of a priori risk is appropriate.
Previous studies have suggested that there is no significant difference in fetal NT between Chinese and Caucasian populations 7 . On the other hand, levels of free β-hCG and PAPP-A among Chinese women were 1.15 and 1.23 times higher than those of Caucasian women, which if taken into account might increase the screen-positive rate from 5.3% to 5.9% 6, 7 . Our study has confirmed the presence of such a difference, and showed that the algorithm for adjustment was correct because the medians of the post-adjusted MoMs of these two hormones were very close to 1. However, these adjustments had no effect on the screen-positive rate, which remained at 6%. The effects of the hormones on the adjusted risk values and hence the screen-positive rate was much diminished in this study, probably because of the pre-existing high screenpositive rate, which might have been related to maternal age. Nonetheless, it appears that adjustment may not have a major impact on performance of the screening test, although the calculated individualized risk might be more precise with adjustment.
Data concerning combined screening in twin pregnancies are limited. A higher screen-positive rate and a lower detection rate compared with that in singleton pregnancies was reported in a Caucasian population 15 . The higher screen-positive rate is secondary to a higher prevalence of increased NT in twin fetuses, especially among monochorionic twins 16 . The two first-trimester biochemical markers only add a further 5% to the detection rate compared with using NT alone. While there seems to be no significant difference in biochemical levels between monochorionic and dichorionic twins 17 , no data concerning the biochemical levels in Chinese twin pregnancies are available yet. In our study, the screen-positive rates between singleton and twin pregnancies were very close (6.1%), and the single case of trisomy 21 in twins was detected. However, a large study population is required to investigate the effectiveness of the screening program in Chinese twin pregnancies.
We believe that the extremely high sensitivity of this study was because of the high standard of quality control, including our compliance to regular external quality assessment by The FMF and UKNEQAS. Additionally, all data in this study came from a single center, which makes quality control much easier. This high standard of quality control must be maintained when the screening program is to be implemented in other Chinese populations.
Over 98% of women who were screen-positive decided to have a diagnostic test. This is very different from the results of studies of predominantly Caucasian populations, in which only 62% had a diagnostic test 9 . We believe that this was probably related to the way in which the result was released. Although we do provide the actual adjusted risk to all women, we also explained that we used 1 : 300 as a cut-off and therefore they were classified as high risk or low risk accordingly. Being labeled as 'high-risk' might have affected the decision of our patients.
The spontaneous miscarriage rate in our study was 9.7% among screen-positive chromosomally abnormal cases after the invasive procedure, 1.3% among screenpositive chromosomally normal cases after the invasive procedure, and 0.7% for screen-negative cases that did not undergo an invasive procedure. The increase in the risk of miscarriage after an invasive procedure was about 0.6%, which was very similar to that reported in another study from the same center 18 . These figures may also imply that the chance of spontaneous miscarriage among chromosomally abnormal cases is about 9%. Although the number of cases in our study was limited, this finding is consistent with that reported by Snijders et al. 19 . In conclusion, first-trimester combined screening for fetal trisomy 21 in the Chinese population is as effective as it is in Caucasian populations, with high sensitivity and low false-positive and high positive predictive rates. Maternal levels of free β-hCG and PAPP-A are higher in the Chinese population and adjustment is required in the estimation of risk.
